Abstract: Background and aims: The etiology and pathophysiology of coronary artery ectasia (CAE) has not been fully elucidated. A rapid rise in plasma copeptin has been observed in cardiovascular diseases, stroke, sepsis, and shock. This increase has diagnostic and prognostic value. The aim of this study was to investigate whether copeptin has a relationship with CAE. Methods: This observational prospective study was carried out between October 2012 and March 2013 in the cardiology catheter laboratory with the inclusion of 44 subjects with a diagnosis of CAE and 44 age-and gender-matched individuals with normal coronary arteries. Blood samples obtained from the patients were stored at −70°C until analysis and copeptin levels in sera were measured by ELISA. Results: This study comprised 88 study participants, among whom 44 were patients meeting ectasia criteria [mean age: 58.0 ± 11.5 years; 59% (n = 26) male], and 44 were control subjects with angiographically normal coronary anatomy [mean age: 49
Introduction
Coronary artery ectasia (CAE) is defined as a congenital or acquired coronary abnormality involving localized or diffuse enlargement of an epicardial coronary artery to greater than 1.5 times the diameter of an adjacent normal coronary artery [1] . The reported incidence for CAE ranges between 0.3% and 10% [1, [3] [4] [5] . Destruction of the muscoelastic elements of the media layer, deposition of collagen and elastin, and the resultant thinning of the vessel wall represent the fundamental processes in the pathogenesis of ectasia [6, 7] . Injury in the media layer leads to reduced stress tolerance to intraluminal pressure, eventually causing progressive dilatation and ectasia. Simultaneous thinning of the vessel wall and increased wall stress will create a viscous cycle that results in diffuse or local ectasia due to progressive dilatation of the coronary artery [8] . It has been reported that atherosclerosis (50%) and inflammatory or connective tissue diseases (20%-30%) play an important role in CAE etiology [9] .
Copeptin is secreted from the posterior pituitary gland simultaneously with vasopressin, and its levels are indicative of circulating vasopressin. In contrast with arginine vasopressin (AVP), copeptin exhibits higher plasma and serum stability, allowing easy measurement in blood. After release, it remains stable for several days and copeptin levels increase rapidly in conditions, such as cardiovascular disease, stroke, sepsis, and shock; this increase is both indicative of elevated AVP secretion and has diagnostic and prognostic implications [10] .
The etiopathogenesis of CAE remains elusive, despite a number of hypotheses proposed. Our objective was to examine the relationship between copeptin levels and CAE.
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Materials and Methods
This observational prospective study was undertaken between October 2012 and March 2013 in the cardiology catheter laboratory with the inclusion of 88 subjects with either a diagnosis of CAE or normal coronary anatomy. CAE was defined as a congenital or acquired coronary abnormality involving localized or diffuse enlargement of an epicardial coronary artery to more than 1.5 times the diameter of an adjacent normal coronary artery [4] . We included CAE patients and age-and sexmatched controls.
The exclusion criteria were as follows: presence of kidney failure or impaired renal clearance, congestive heart failure, malignancy, hepatic failure, actual or potential pregnancy, coexistence of coronary lesions associated with ≥50% obstruction, acute myocardial infarction (MI), stroke, severe cardiac valve disease, and previous coronary artery disease (CAD) history.
Coronary angiography procedures were performed using a Philips Allura Xper FD10 device (Philips Medical Systems, Best, The Netherlands) in all patients, with standard 6F Judkins right and left catheterization following femoral arterial puncture. Iodixanol or iohexol was used as radiopaque material. Images in least two projections were obtained and recorded in the digital memory and cine-films for the left and right coronary systems, respectively. In patients with suspected ectasia based on visual inspection, quantitative measurements were performed using the measurement software of a Philips Allura Xper FD10 device. In order to ascertain the actual coronary artery lumen width, calibration was performed using the catheter diameter. CAE was defined as localized or diffuse enlargement of an epicardial coronary artery to more than 1.5 times the diameter of an adjacent normal coronary artery. Segments without stenosis and ectasia on angiographic images were considered as normal coronary arterial segments. Body mass index (BMI) was calculated using subject's height and weight. The formula is BMI = kg/m 2 , where kg is subject's weight in kilogram and m 2 is subject's height in meter squared. Left ventricular ejection fraction (LV-EF) was assessed using the modified Simpson's method.
For blood tests, 12 ml of venous blood sample was collected from the left antecubital veins from all patients after overnight fasting. Samples were assessed on the day of sampling using Seimens Advia 1800 auto-analyzer device (XE-5000, Sysmex Corp., Kobe, Japan). Routine biochemical parameters (glucose, lipid profile, and urea creatinine) and complete blood counts (hemoglobin, hematocrit, platelets, and leukocytes) were recorded for each patient. For serum copeptin assays, 3 ml of venous blood was placed into ethylenediaminetetraacetic acid tubes. After the tubes were gently shaken, they were placed in the centrifuge and were centrifuged at 3,500 rpm for 10 min for the separation of the sera. The resultant samples were maintained at −70°C until the time of measurements. After collection of all samples, serum copeptin levels were measured using "Human Copeptin ELISA Kits" (Phoneix Pharmaceuticals, USA; catalog no.: EK-065-32; lot no.: 603.858)" in microplate readers (Bio-Tek Instruments ELx800, USA) at 450 mg in pg/ml, in accordance with manufacturer's instructions [11] . The minimum detection concentration, linearity, and the maximum measurement concentration of the kits are 0.12, 0.12-1.4, and 100 ng/ml, respectively. The reported intra-assay [coefficient of variation (CV): variation within a day] and inter-assay variations (CV: variation between days) for these kits are <10% and <15%, respectively.
Statistical analyses
Statistical analyses were performed using SPSS 24.0 software package (SPSS Inc., Chicago, IL, USA). The normal distribution of the numerical variables was examined using Kolmogorov-Smirnov test. For copeptin levels, which were not normally distributed, logarithmic transformation was applied prior to statistical analyses. Descriptive statistics are expressed using mean ± standard deviation for numerical variables, and using number and percentage for categorical variables. Between-group differences for categorical variables were analyzed using χ 2 test, whereas independent sample t-test was used for the analysis of parametric data analysis. Correlations between variables were assessed using Pearson's and Spearman's correlation coefficient analyses and p values less than 0.05 were considered significant.
Results
This study comprised 88 study participants, among whom 44 were patients meeting the ectasia criteria [mean age: 58.0 ± 11.5 years; 59% (n = 26) male] and 44 were control subjects with angiographically normal coronary anatomy [mean age: 49.2 ± 10.1 years; 30% (n = 13) male]. The demographic, clinical, and biochemical assessment characteristics of the patients are shown in Table I . Significant were found between the patient and the control groups in terms of frequencies of CAD risk factors, such as smoking, diabetes, hypertension, and hyperlipidemia (p < 0.05). The demographic characteristics such as age and gender were significantly higher in CAE group (p < 0.05). The levels of LDL, creatinine, copeptin (Fig. 1) , hemoglobin, and plasma glucose were found to be similar between groups (p > 0.05). No significant differences were found in terms of BMI, LV-EF, and systolic and diastolic blood pressures (p > 0.05).
Spearman's and Pearson's analyses suggested that no such correlation was found between CAE and the factors (Table II) .
Discussion
This study demonstrated that serum copeptin levels were similar between CAE patients and controls. No relationship was obvious between CAE and copeptin levels.
The reported incidence of CAE in various patient series ranges between 0.3% and 5.3% [4] . Although CAE is generally without symptoms, it bears clinical significance with regard to its predisposition to cause myocardial ischemia. The etiopathogenesis and pathophysiology of CAE remains obscure, despite many hypotheses that have been put forward.
Despite being a disorder of unknown etiopathogenesis, it is generally regarded as a variant of coronary atherosclerosis. On the other hand, in a significant proportion of patients, CAE is also associated with nonatherosclerotic conditions such as inflammatory diseases, connective tissue disorders, and congenital conditions [12] . Previous studies have reported that NO levels have been shown to have a major role in the development of ectasia and inflammation [13, 14] .
Copeptin levels rapidly increase in conditions, such as cardiovascular disease, stroke, sepsis, and shock; this increase is indicative of elevated AVP secretion and has diagnostic and prognostic implications [10] . Recently, several studies have examined the role of this novel marker in conditions, such as acute MI, chronic obstructive lung disease, sepsis, and shock. In patients presenting with MI, copeptin has been shown to be a strong predictor of worse outcome and a prognostic marker of death [15] . Of note, its relevance was increased when used in combination with other biomarkers (NT-proBNP and troponins) [16] .
Several authors have focused on the diagnostic performance of copeptin in the setting of non-ST-segment elevation of acute coronary syndrome and chest pain. As endogenous stress is increased at the onset of acute coronary syndrome, copeptin could identify acute coronary syndrome patients when other biomarkers are still negative. The use of a "dual-marker" strategy in order to rapidly rule out a diagnosis of acute coronary syndrome in patients presenting with chest pain has been studied in large trials [17] .
In a study by Chai et al. [18] , significantly higher copeptin levels were found in CAD patients than in controls. Again, plasma copeptin levels exhibited a significant increase 1 day after PTCA or coronary stent placement. Despite a reduction in plasma copeptin levels at 3 and 5 days after the intervention, they remained higher than those in controls.
In a study by Reichlin et al. [19] , combined use of plasma copeptin and troponin T levels was found to have higher sensitivity and specificity as compared to troponin T alone in ruling out a diagnosis of acute MI.
Copeptin predicts development of CAD and cardiovascular mortality both in diabetic and non-diabetic patients. Copeptin predicts CAD and cardiovascular and total mortality [20, 21] . Patients who developed cardiac failure or who died after an acute MI had higher blood copeptin levels in Khan et al.'s [22] study.
In this study, our objective was to explore the relationship between copeptin levels and CAE. To the best of our knowledge, no previous studies have reported such relationship between CAE and copeptin levels.
The copeptin levels play a key role in the diagnosis of acute MI and prognostic significance in patients with low ejection fraction [23, 24] . However, LV-EF measures were normal and did not differ between groups in this study. CAE frequency is associated with increased risk factors, such as hyperlipidemia, smoking, and hypertension [25] [26] [27] [28] [29] . In this study, hyperlipidemia, smoking, and hypertension incidence were similar between CAE patients and controls.
Plasma copeptin levels tend to elevate after stress. A probable explanation for elevated copeptin levels in CAD is the presence of lesions associated with hemodynamically significant narrowing. Thus, absence of significant elevation in copeptin levels in our patient group may be related to the fact that these patients did not have significant narrowing.
Study limitations
Less number of patients were enrolled in the study because of the rarity of isolated CAE. In addition, subgroup analysis of CAE was not performed. Another limitation of this study was the lack of evaluation of inflammatory markers, but previous studies have examined the relationship between inflammation and CAE.
Conclusions
In this study, we found no relationship between copeptin levels and CAE. Further studies to elucidate the pathophysiology of CAE are warranted in order to develop more effective management strategies for this condition. 
